Study Objectives: Little is known of the possible dental or skeletal side effects following the use of mandibular advancement in the treatment of obstructive sleep apnea. A study has subsequently been designed to investigate these issues. Design: 100 consecutively treated medically referred patients were reviewed cephalometrically in 6-month intervals (6-30 months) following mandibular advancement therapy. Setting: Orthodontic Private Practice. Patients: 87 males, 13 females (mean age 49 years, SD 8.5, range 33-74 years). Interventions: N/A Measurements and Results: Reference points and planes in the cranial base, maxilla, and mandible were digitized with a reflex metrograph and their means converted to linear and angular measurements. Significant changes following mandibular advancement were observed in lower face height, vertical condylar position, incisor angulation, overbite, and overjet.
INTRODUCTION
THE USE OF ORAL APPLIANCES FOR THE TREATMENT OF OBSTRUCTIVE SLEEP APNEA IS NOW WELL ESTAB-LISHED. A review of current appliances is given by SchmidtNowara et al. 1 along with practice parameters for their use. 2 Despite considerable variation in the design of these appliances it is now recognized that the generic effect of maintaining the mandible in a protrusive position nocturnally is of benefit in the elimination of mild to moderate obstructive sleep apnea. 3, 4 Until recently investigations of the possible dental side effects of longterm use of such devices have not been forthcoming. Limited follow-up data indicate that oral discomfort is a common but tolerable side effect and that dental and occlusal complications appear to be uncommon. 1 Theoretical complications of long-term use of mandibular advancement splints include occlusal changes and temporomandibular joint dysfunction (TMD); however, until now a quantitative investigation of these issues has not been formally carried out. Pantin et al 5 reviewed 106 patients treated over a five-year period with mandibular advancement for obstructive sleep apnea. An analysis of dental study models of patients' occlusions prior to and following appliance wear was carried out along with a clinical examination of the temporomandibular joint.
Although 81% of their sample reported some side effects, namely excessive salivation (30%), xerostomia (23%), temporomandibular joint pain (TMD) (26%), and myofacial pain (25%), these side effects were mostly minor and decreased with continuing use of the appliance. Occlusal changes resulting in a decrease of overjet of 1-3mm were observed in 14% of their sample. Overall, 10 patients in the sample of Pantin et al. 5 discontinued appliance wear due to adverse dental side effects. Pancer et al. 6 evaluated 121 patients following mandibular advancement treatment (65 of whom had worn the appliance for more than one year) and found that 45% of their patients complained of some side effects, the most frequent being excessive salivation (32%), coupled with teeth and jaw discomfort (26%). Occlusal changes were not investigated by Pancer et al. 6 As cephalometric analyses were not undertaken by either Pantin et al. 5 nor Pancer et al. 6 it is difficult to establish the cause of any occlusal changes and whether such changes would continue with ongoing treatment. Although the use of cephalometrics in the treatment of obstructive sleep apnea is not new, it has usually been confined to a diagnostic role in the determination of the differentiation of non-apneic to apneic patients. [7] [8] [9] [10] Cephalometric analyses of the effects of long-term mandibular advancement on the facial skeletal and dentition is however, limited. In a pilot study, Bondemark 11 investigated cephalometrically the effects of two years' treatment with mandibular advancement in 30 patients diagnosed with habitual snoring and or obstructive sleep apnea. Overall, Bondemark 11 observed that a small forward and downward change in mandibular position was accomplished by a minor increase in mandibular length in relationship to a decrease in overjet of 0.4mm and a 0.1mm decrease in overbite. A change in mandibular posture was observed in 17 patients, while 13 patients showed no change. Bondemark 11 concluded that this change in mandibular position might be the result of a condylar and/or glenoid fossa remodeling or a condylar positional change within the fossa as a compensatory reaction to mandibular advancement therapy. As many consider that the treatment of obstructive sleep apnea with oral devices will be lifelong, further investigations are necessary to establish whether changes in the occlusion are progressive with continuing treatment. A long-term cephalometric study has subsequently been undertaken to investigate these issues.
METHODS

Sample
One-hundred consecutively treated medically referred patients using mandibular advancement splints for the treatment of obstructive sleep apnea and or habitual snoring were included in this study. Only patients who stated that they were wearing the appliance seven nights per week (for a minimum of five to six hours per night) were included in this study. A total of 114 patients were initially contacted, 13 patients were excluded from the study as they were not wearing the appliance on a regular basis, one patient declined to be in the study. Overall, 87 males and 13 females were included in this study, mean age 49 years (SD 8.5), range 33-74 years. The mean age for males was 49 years (SD 8.3) and females 51 years (SD 10.2).
The mandibular advancement splint 12 used in this study was non-adjustable and had full occlusal coverage. Mandibular advancement was established at 75% of maximum protrusion as determined by the George-gauge, 13 (range 3-14mm). 
Dental and Skeletal
Cephalograms
A cephalogram was taken for all patients at their initial consultation. Following insertion of mandibular advancement splints, review cephalograms were taken at six month intervals, over a period of from 6 to 30 months, without the appliance in situ. Only one review cephalogram was taken for each patient. Prior to insertion of the appliance, patients were randomly assigned to a six month review period, (each sample period consisting of twenty patients). Cephalograms were taken with the subjects seated, with maximal intercuspation of the teeth, the lips in light contact, and a natural head position as described by Moorrees and Kean. 14 All cephalograms were taken by the same operator. Rare earth intensifying screens were used to obtain maximum detail. Exposure was adjusted for each patient, but generally 85 KVP and 15 MA was used at one-second exposures.
Cephalometric Measurements
Reference points and planes ( Figure 1 ) were based on anatomically stable structures in the cranial base, maxilla, and mandible. These landmarks were identified and transferred to mylar film by the author (CJR) who was blinded to both the subjects name and whether it was a pre or post treatment cephalogram. The co-ordinates of each point on the tracings were then digitized twice with a reflex metrograph 15 and the mean values converted to linear and angular measurements.
To determine the overall effect of mandibular advancement all patients (n100) were initially included in the pre-treatment group (T1) and were compared to the post-treatment group (T2) using the t-test for paired data. Further analysis of the data was then undertaken comparing each of the review periods (6-30 months) before (T1) and after treatment (T2) in relationship to time. To determine the error in the investigative method, double determinations were taken of 10 randomly selected cephalograms and compared with Dahlberg's formula. 16 The error in the linear measurements fell within the range 0.21mm-0.50mm, and in the angular measurements 0.2°-0.87°. There were no statistically significant differences between the duplicate measurements.
RESULTS
Overall, 39% of the total sample presented with a skeletal I facial pattern, 47% had a skeletal II facial pattern and 14% a skeletal III facial pattern (Appendix 1). An assessment of all patients before (T 1 ) and after (T 2 ) treatment with mandibular advancement is given in Tables 1 and 2 . Although minor increases in SNA angulation and ANB difference (appendix 1) were noted (0.32° and 0.29° respectively, which were statistically significant) these changes were not considered to be of clinical importance. An increase in palatal length (ANS-PNS) was also observed (p<0.002). This linear measurement did, however, have the largest mean error (±0.5mm). Identification of ANS is by nature difficult owing to the size and density of the anterior nasal spine.
A vertical change in condylar position (Cd-vert) was, however, highly significant (p<0.0001) (mean difference 0.82mm). No such change was found in condylar horizontal (Cd-horiz), nor any other mandibular skeletal measurement. Changes in vertical face height following long term mandibular advancement were, however, observed and are given in Table 2 . The anterior dimensions N-Me, (total anterior face height) and Me/ANS-PNS (lower anterior face height) were both highly statistically significant (p<0.0001). Upper anterior face height (N/ANS-PNS) remained relatively unchanged. Statistically significant changes to total posterior face height (S-Go) (p<0.0001) and lower posterior face height (Go/ANS-PNS) (p<0.001) were likewise observed ( Table  2) . No change was found in the distance S/ANS-PNS (upper posterior face height). It is therefore considered that lower facial height increases related to a vertical displacement of the mandibular condyle.
Most statistically significant changes occurred in the dentoalveolar measurements ( Table 2 ). The angulation of the upper incisor teeth to the palatal plane (Ui/ANS-PNS) was retroclined by 1.88°. The angulation of the lower anterior teeth relative to the mandibular plane (Li/Me-Go) was proclined by 2.81°. Both overbite and overjet (appendix 1) were reduced by -1.02mm and -1.06mm, respectively. Overall, statistically significant changes occurred in vertical condylar position, lower facial height, maxillary and mandibular incisor angulation, overbite and overjet.
Following the comparison of all patients before (T 1 ) and after (T 2 ) mandibular advancement, a further analysis of the data was undertaken to determine at which time interval initial dental and skeletal changes occurred. Prior to this analysis, all groups (6-30 months) underwent a one-way analysis of variance followed by Duncan's multiple range test to determine if initial differences existed between any groups prior to treatment with mandibular advancement. No differences were found.
Statistically significant changes in relationship to time following treatment with mandibular advancement are given in Table 3 . At the first review period (six months) statistically significant changes were observed in condylar vertical position (Cd-vert) (p<0.012) total anterior (N-Me) and posterior (S-Go) face heights, overbite, and overjet. At the 12 month review period the only observed significant treatment change was a 1.9° retroclination of the maxillary incisors relative to the palatal plane (Ui/ANS-PNS). Following 18 months of treatment, statistically significant changes were found in the following skeletal measurements; vertical condylar position (Cd-vert) (<p0.043) total anterior (N-Me) and lower anterior (Me-ANS) face heights, and in the dento-alveolar measurements a retroclination of 2.3° of the maxillary incisors relative to the palatal plane (Ui/ANS-PNS) and a reduction in overbite and overjet of 0.9mm and 1.06mm respectively.
After 24 months of treatment, changes were observed in vertical condylar position, (Cd-vert) and in total and lower anterior face heights (N-Me and Me-ANS), respectively. Also at the 24-month review period, significantly greater changes were observed in the dento-alveolar variables overbite and overjet when compared to previous review periods, with reductions of 1.36mm and 1.26mm respectively (Table 3 ). Changes to the angulation of the mandibular incisors relative to the mandibular plane (Li/Go-Me) were first observed at this review period with a proclination of these teeth of 2.2°.
At the final review period (30 months) the greatest reduction in overbite was observed (-1.82mm). This was associated with a marked proclination of the mandibular incisors relative to the mandibular (Go-Me) and constructed planes (Fid 1 -Fid 2 ) of 4.9°a nd 4.3° respectively.
DISCUSSION
The use of mandibular advancement in the treatment of snoring and obstructive sleep apnea is well established. Little is known, however, of the long-term effects of mandibular advancement on the structures of the facial skeleton, and in particular, the effect on the dentition following such treatment. Cephalometry has been used extensively in the fields of orthodontics and anthropology to record craniofacial form. Recently it has also been used as an adjunctive procedure for assessing craniofacial patterns associated with obstructive sleep apnea. [7] [8] [9] [10] The results of this present study indicate that both skeletal and dento-alveolar changes can be associated with long-term mandibular advancement. Cephalometrically, dental changes related to a retroclination of the maxillary incisors, a proclination of the mandibular incisors with associated reductions in both overbite and overjet. Skeletal changes related to an increase in vertical face height which was thought to be attributed to a repositioning of the head of the mandibular condyle in the glenoid fossa.
To the author's knowledge only one other cephalometric study has been undertaken to assess the effects of long-term mandibular advancement on the upper facial skeleton and dentition. In a pilot study Bondemark 11 investigated the effects of two years' nocturnal treatment with mandibular advancement in 30 patients diagnosed with habitual snoring and or obstructive sleep apnea. No cephalometric differentiation was made between these groups. Bondemark 11 found that a small statistically significant forward and downward change in mandibular position was accomplished by an increase in mandibular length (0.4mm) with significant changes in both overbite and overjet. Bondemark 11 reported that none of his patients observed any permanent sense of altered occlusions and concluded that the change in mandibular position may be a result of a condylar and/or glenoid fossa remodeling or condylar position changes within the fossa as a compensatory reaction to the advancement of the mandible. In this present study, the position of the mandibular condyle was measured both vertically and horizontally relative to the cranial base reference plane S-SE (this dimension is considered to be unaffected by possible continuing maturation changes.) 18 Changes in condylar vertical position were initially observed at the first review period (six months), along with changes in vertical face height, overbite, and overjet. All of these changes were considered to be related to vertical repositioning of the condylar head (Cd-vert) relative to the cranial base. No changes were observed, however, in the horizontal position of the mandibular condyle (Cd-Horz). Changes in the angulation of the incisor teeth were not evident. From these results it can be concluded that initial skeletal changes were due to a vertical repositioning of the head of the mandibular condyle and not due to a remodelling of the glenoid fossa and/or condylar head owing to the early occur- rence of these changes. Similar changes were observed at the 18-month review period (Table 3 ) with the addition of a 2.3° retroclination of the maxillary incisors, along with significant reductions in both overbite (-0.90mm) and overjet (-1.06mm). Following 24 months of treatment, the first changes in mandibular incisor position were observed, with a proclination of these teeth of 2.2°. The most significant dental changes were, however, observed following 30 months of treatment with a 4.9° proclination of the mandibular incisors and a reduction in overbite of 1.82mm. From these results it can be concluded that changes in the angulation of the maxillary and mandibular incisors tended to occur with increasing length of treatment; conversely, skeletal changes (changes in face height etc) tended to occur soon after the onset of treatment and were most likely attributed to a repositioning of the head of the mandibular condyle within the glenoid fossa. Similarly to Pantin et al, 5 occlusal changes were the reason for discontinuance of treatment in one patient. This patient following 30 months of mandibular advancement had developed a 5mm posterior open-bite (loss of contact of opposing molar teeth) resulting in severe incisal wear due to a marked proclination of the mandibular incisors associated with a retroclination of the maxillary incisors. Transcranial temporomandibular joint radiographs of this patient showed a marked postero-superior increase in joint space between the head of the mandibular condyle and the glenoid fossa. No bony remodeling of the fossa was observed radiographically. Contact of the molar teeth was only re-established after mandibular advancement had been discontinued for nine months. Angulation changes of the incisor teeth were, however, permanent and required corrective orthodontic treatment. This patient was subsequently well controlled with the use of a tongue stabilizer (confirmed by polysomnography). Although the type of mandibular advancement splint used in this study and the studies of Pantin et al 5 and Bondemark 11 were non-adjustable, most types of mandibular advancement splints share a common functional mechanism. The effect of oral appliance treatment is based on causing an anterior position of the mandible creating anatomic alterations of the oropharyngeal structures. As the majority of oral appliances in common usage today are fully adjustable, it could be argued that the results of this present study are not comparable to those who use fully adjustable devices. Pantin et al 5 , however, considered that dental side effects were largely generic to mandibular repositioning and were not generally device specific. In this present study, changes to overbite were related to a vertical displacement of the mandible and not intrusion of the incisor teeth. Changes in overjet were, however, related to an retroclination of the maxillary incisor teeth and a proclination of the mandibular incisor teeth. These changes were thought to be attributed to the forces generated by mandibular repositioning relative to the dentition. Several orthodontic studies on growing individuals have shown some growth modification of the mandible with mandibular advancement. [19] [20] [21] In consideration of such changes, Bondemark 11 hypothesized that the treatment of patients with obstructive sleep apnea by forward mandibular repositioning may also have a similar effect in non-growing individuals with subsequent favorable growth changes in oropharyngeal dimensions. In this present study no changes attributed to growth were observed in any of the cephalometric variables measured. As reported elsewhere by the author, 22 any changes evident in the oropharynx or velopharynx following mandibular advancement were attributed to the elimination of habitual snoring resulting in a reduction of pharyngeal odema.
As the use of mandibular advancement in the treatment of obstructive sleep apnea is now a recognized form of treatment, this present study has demonstrated that changes to both the facial skeleton and dentition can occur with treatment over time. Although in most cases these changes go largely unnoticed by the patient, nonetheless prior disclosure to the patient of the potential for such changes along with regular dental reviews should be mandatory in the treatment of patients with mandibular advancement therapy.
APPENDIX 1 Cephalometric Definitions
Skeletal classification 17 -an assessment of the anteroposterior relationship of the maxilla and mandible in the sagittal plane relative to the cranial base line (S-N) defined by the difference (ANB° diff) between the angles SNA° (maxillary position) and SNB° (mandibular position). N being nasion (anterior point of the intersection between the junction of the nasal and frontal bones) and S (Sella); midpoint of the concavity of sella turcica. (A) being the inner most point on the anterior contour of the maxilla and (B) being the innermost point on the contour of the mandibular alveolar process. Skeletal I-normal anteroposterior relationship between maxilla and mandible as defined by cephalometric norms, (maxilla anterior to mandible, ANB diff 1-3°). Skeletal II-mandible postnormal to maxilla (ANB diff >3°) Skeletal III-mandible prenormal to maxilla (ANB diff <1°) Overbite (Fig 2) -the vertical distance in millimeters between the tips of the maxillary and mandibular incisors Overjet (Fig 2) horizontal distance in millimeters between the labial surface of the most prominent maxillary incisor and the mandibular incisor behind this point
